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tion was always recorded. When these data were tabulated 
il became dear tbal patients with S. aureus in blood cul- 
tures formed one of the largest groups, and abo contained 
a substantial Dumber of failures. 

It was deckled therefore to focus on patients who had 
A aureus single organism infections and for whom the site 
of infection was recorded as septicaemia. Also,& aureus is 
the most challenging pathogen for any antibiotic with 
Gram-positive activity, given its ability to cause infection 
in a wide range of patients either in the community or in 
hospital. 

Patients 

Ninety-two patients had been treated for septicaemia 
caused by £ aureus as a single infection, and of these* 80 
patients had either been cured or had failed treatment. 
These 80 patients formed the basis of our analysis, with 78 
being included m the final logistic regression model 

The remaining 12 patients, who had 'improved', were 
also considered. However, preliminary analyses in which 
these patients were combined with either 'cured' or failed' 
groups made no difference to either model and so they 
were excluded from further analysis. 

Teicoplartin doting 

Drug dosing infonnation included dates and quantity of 
every drug administration. Where the same dose had been 
given for several days data were entered into the database 
as a single record oJT the dose together wife the start and 
^dntes. Whereafter 

day each dose was recorded. Using these data a computer 
program was written to calculate duration of treatment, 
mean dose administered, cumulative dose and dose in 
mgftg body weight, where body weight was recorded. 

Mean dose was generally calculated by taking total dose 
and dividing by the number of days from start to finish of 
therapy. However, because one patient had not been 
treated continuously, a second mean dose (and a second 
mean mm/kg body weight) was calculated hi which the 
denominator was the number of days on which treatment 
was actually administered. Both types of mean were 
included in analyses. 



must be borne in mind that h is not the same patients who 
arc being measured on each day. 

Preliminary analysis of the serum concentration data 
suggested thai there was greater consistency in the pre- 
dose data than in the post-dose data. One obvious explana- 
tion for this is that the time of the pre -dose can be defined 
precisely, whereas the post-dose is often less precise. As it 
was also considered from previous experience that pre- 
dose concentrations were more important biologically for 
U^wolanm, detailed analysis was confined to pre-dose 

Mean pre-dose serum concentrations were calculated 
for every patient over the first 3 days, from day 4 to day 7, 
Irom day 4 to the end of treatment and over the whole 
treatment period. Apart .from the last of these periods (the 
whole treatment period) some patients were excluded from 
each mean value because they had no pre-dose measure- 
ments taken during the particular time period. In par- 
ticular, some patients bad measurements taken only during 
the first 3 days and none subsequently. For this reason, in 
the logistic regression the mean serum concentration over 
the period from day 4 to the end of treatment was used for 
all patients who had at least one value in this time period 
but so as not to reduce the number of eligible patients, day 

I to day 3 data have been Included for those patients who 
had no serum concentration assays after day 3. Four of the 

I I patients who failed theTapy had no trough concentration 
after day 4, whereas 12 of the 69 cured had no trough con- 
centration after day 4. 



The cured and failed groups were compared for baseline 
and demographic characteristics using a x* or Student's 
Mest as appropriate. 

Logistic regression 



Serum teicoplanin concentrations 

Serum concentrations of teicoplanin were recorded before 
commencing drug infusion (pre-dose concentration) and 
approximately 1 h after the mfusion bad been completed 
(post-dose concentration). Patients did not aU have the 
same number of pre- or post-dose estimations; also, the 
days on which measurements were taken varied from 
patient to patlenL Thus, although serum concentrations 
have been analysed day by day over the study period, it 



Logniuc regression (PROC LOGISTIC. SAS 6.11. SAS 
Institute. Inc. Gary, NC. USA) was used to determine 
which variable^) influenced clinical outcome. Stepwise 
selection was used to decrease the number of variables 
influencing outcome, with entry to the model set at 025 
and removal from the model set at OJ. Broadening these 
criteria made no difference to the results obtained. 
Percentage success rate was calculated by 

e*/(l + e*) X 100 = % success rate (l) 



x - intercept + (parameter estimate, x variable,) + 
(parameter estimate,, X variable.) 

and e- 2.718282. 

Variables analysed were age, body weight, mean pre- 
dose serum concentration, mean dose (mg or mg/kg body 
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weight), use of loading dose, combination versus mono- 
iherapy and MIC Clinical outcomes classified as 'improve- 
ment' were not considered in this analysis; the only clinical 
categories used were cure or failure because these were 
considered to be definite categories For variables for 
which a patient had do value, the patient was rejected from 
that analysis completely. Within the stepwise analysis, vari- 
ables that did not contribute, or that reduced the fit of the 
model, were removed from the model statement sequen- 
tially. Consequently, as variables were rejected, the 
number of patients contributing to the model, and there- 
toe the significance of the model, increased. Eventually 
two variables remained with good levels of statistical sig- 
nificance and a satisfactory fit 

Goodness of At of the model was assessed using the 
Hosmer A Lemeshow test," which compares actual with 
predicted frequencies of 'success' or -failure* and provides 
an overall statistic for goodness of fit. 



Results 

Descriptive analysis 

A descriptive summary of the statistical values for the 
variables included in the logistic regression analysis are 
shown in Table L 

The mean age of those cured (51 years) was lower than 
that of those who failed (62 years), who also tended to be of 
lower weight. Pre-dose serum Concentrations, mean dairy 
dose (xng/day) and mean dose (mg/kg/day) were all higher 
in the cared group comfrmed with these who fejled. The 
95% confidence intervati for the dtfrareaces observed 
between the means of the groups in Table I were 
0242-0^39 for age and 1387-1139 tor pre-dose concen- 
tration. The mean pre^lose serum concentration and mean 
daily dose were significantly greater in those cured 
compared with those who failed (P < 045). Duration of 



treatment was substantially shorter m the failure group 
than in successfully treated patients. As this could equally 
be the result or cause of treatment failure, cumulative dose 
was not used in subsequent analysis (data not shown). 
During treatments patients received teicoplanin alone, 
whereas 33 received combination therapy (Table I), The 
antibiotics used were. 1 amikacin (10 patients), ceftazidime 
(six patients), rilampidn (three patients), netilmicin (three 
patients); azJocillin, cefotaxime, geritaniicm, mezlocillin, 
pefloxacm and spiramycin each used in a single patient. 
Five patients, all in the cured group, received multiple 
drugs, which were unspecified in the database. The propor- 
tion of monotherapy and combination patients was similar 
between the cure and failure groups. All the isolates 
treated had teicoplanin MICft of «2 mg/U however, MICs 
in general tended to be higher in the group cured compared 
with those who failed therapy (Table I). 

Logistic regression 

Ofthe variables analysed— age, body weight, mean pre- 
dose serum concentration, mean dose (mg or mg/kg body 
weight) and combination versus monotherapy— only two 
correlated with cluneal outcome at a significance level 
better than 0.05. These were age (P =- 0.012) and mean 
pre-dose serum concentration (P - 0.010) (Table II). The 
R value for the analysis was 0-31. In a 'jackknife test' using 
as as a eut-orT point, 52 of 67 successfully treated patients 
and eight of 11 treatment failures were correctly classified 
Tms gives a sensitivity of 77.6% to identify successfully 
treated patients and a specificity of 72.7% to identify treat' 
ment failures. The false positive rate (patients wrongly 
classified as treatment success) watr 5.5%; However, the 
^ negative rate was 612% because 15 patterns who were 
classified as treatment failures were successfully treated. 
The relationship between age, pre-dose serum concentra- 
tion and clinical outcome are displayed graphically in the 
Figure. 
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Hgtoe. Logistic regression predictive medd of clinical 



outcome m S. aureus septicaemia treated with tefcoptania. 
«37 
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Tablet Patienl data included in logistic regression analysis 



Patient population 
Age (years) 

l(S.D.) 



Cured (a = 69) 



range 

A 



Weight (*£) 



range 
n 



49.4(19*7) 
51 

18.0-^3.0 



68.1 (15.0) 
66J 

38,0-103.0 
64 



Mean propose scrum concentration (mg/L) 



(W>.) 



range 

IT 

Mean daily dose (mg) 



range 
n 

Mean dose (rag/kg) 
i(»J>.) 



range 
n 



7-8(4.8) 
7 

03-324) 
64 

387.6(145.6) 
400 

123.8-8004) 
69 

5.9(2.0) 
6.1 

1^10,3 
64 



frequency of combination therapy 
combined 29(424%) 
"monotherapy 4*(58l0%) 
« 69 

Distribution of MIC values (cumulative percentage) 
matsmg 15 

<ao3 o 

10(354) 

025-05 17(708) 

^ 9(8W > 
1-2 S(100) 



Failure (n =■ 11) 



61.0(17.6) 
62 

23^41.0 
11 

63.5 (12.1) 
60 

45.0-85.0 
11 

4-4 (2j0) 
3.9 

l-S-7.6 
11 

286.7 (7&5) 
275 

202.9-400.0 
M 

4.7(1 J) 
42 

2.7-8.2 
11 

4(3&4%) 
7(63.6%) 
11 

1 

2(20)* 

2(40) 

1(50) 

3(80) 

2(100) 

0 

0 
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Worked examples 

Tq calculate the predicted success rate for a patient aged 25 
with a mean pre-dose serum concentration of 6.0 mg/L 
teicoplanitt, we calculate x by substituting from the param- 
eter estimate (PE) column (Table II); 

x = intercept^ + (age,* x age) + 
(concentrarioafE x concentration) 
i.e. jc = 33280 + (-0.0687 X 25) + (0.40S6 X 6.0) « 44)441 



Substituting in equation (1) 



'98% 



Sunilarly. to calculate the predicted success rate for a 
patient aged 85 with a mean trough serum concentration of 

* - 3J280 + (-0.0687 x 85) + (0l4056 X6_0) = -0.0779 
+ e**™) X 100 - 48% j 



838 
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Variable 



Intercept (I) 

Afi*C>0 

Mean trough (7) 



Tekoptansa pnarmarodynatoics i 
Table tt. Summary of logistic regression analysts 



Degree of 


Parameter 


Standard 


Wald 


X 5 ~ 


freedom 


estimate 


error 


* 


lvalue 


1 


3-323) 


1-4146 


55349 


0.0186 


I 


-0.0687 


O0273 


63333 


. 0.0118 


1 


04056 


0J577 


6^6114 


0.0101 



Standardized 
estimate 



-0.75*552 
1.041532 



Odds Ratio 



a934 
1500 



Vtr ant mra» - e7(l ♦ ^ x 190, wtimi - PE, ♦ (FE A x 4) + (Pe, x 7). 



From this model h is dear that the probability of successful 
treatment increases with mean trough serum concentre 
tfcm. and decreases with age. 



£3 



Other variables 

In a separate piehmmaiy logistic analysis, distribution of 
MIC was identified aa a paradoxical factor with a negative 
parameter estimarf! a nd with a significance level of less than 
0.05. Distribution of MIC was therefore not included in 
overall or further logistic regression, as its inclusion 
masked other, more important effects. 
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The pharniaoodynamks of the glycopeptides teicoplanin 
and vancomycin are reasonably well known, It is clear that 
vancomycin and teicoplanin do not show concentration- 
dependent fcttmg across (be ras^ of concentrations &e1y 
to be observed m nttman dosing; rvl7 in addidon, using in 
vitro pharmacodynamic models of infection h has been 
shown that vancomycin simulations with maximum con- 
centrations of 49 mg/L are no more effective than those 
with steady-state concentration of 8 mg/L. 18 Both teioo- 
planin and vancomycin have a post-antibiotic effect (PAE) 
against £ aureus, Which has been found by viable count 
methods to be in the range 02-0.7 h after exposure to 
5 mg/L for 1 h and 0-6-2.0 h after exposure to 25 mg/L 19 A 
PAE has also been observed in a model of neutropenic 
thigh infection caused by S* aureus™ 

Animal models using tczcoplanin to treat rabbit infective 
endocarditis caused by S. annus indicated that 45 mg/kg/ 
24 h was less effective at sterilizing vegetation and reducing 
viable counta/g vegetation than 45 mg/kg/16 h. The 16 h 
dosing regimen produced higher extra vascular teicoplanin 
concentrations than the 24 h schedule but animals that 
received the 16 h dosing regimen received a higher total 
dosage of teicopTanin over the 80 h of therapy than those 
receiving 24 b dosing. Nevertheless, these data indicate that 
more frequent dosing of teicoplanin may be optimaL" In 
addition, a further study in rabbit infective endocarditis 
indicated thai 36 mg/kg/day teicoplanin administered intra- 
muscularly was more effective in reducing the proportion 



of animals infected and the mean colony counts per vegeta- 
tion than the same dose given intravenously. Hie tv dose 
produced 2 h and 12 h post-dose concentrations of 168 X 
28 mg/L and 26 £ 11 mg/L, respectively, compared with 
68 ± 14 mg/L and 34 X 10 mg/L after im dosing. The serum 
concentratiofis of the animals at culhng were 11 ± 9 mg/L 
in those treated intravenously and 16 ± 11 mg/L in those 
treated intramuscularly; the mean teicoplanin concentra- 
tions in the vegetation were more than twice as high in the 
im group as the iv group. 13 These data would indicate that 
transient high peak serum concentrations of teicoplanin 
are not Kkejy to be of benefit In killing bacteria or curing 
infection and that sustained concentrations over the MIC 
will be of benefit in terms of improving extravascular drug 
penetration and cure rates. Caution must be exercised, 
however, as there are no high-quality dose escalation or 
fractionation studies in either in vitro models of infection or 
animals to inform decisions about teicoplanin dosage. 

We reported previously a descriptive fflnfttirnl analysis 
of 42cas*sof staphykwoccafWection from me literature in 
which the cfinjeal site of infection, species isolated, main- 
tenance dose, MIC for the pathogen, pre- and/or post-dose 
teicoplanin concentration and clinical outcome (cure, mfl, 
tnterminate) were given. 13 Dose. MIC or site of infection, 
were not predictive of failure but only 20% of patients were 
cured if trough concentrations were <5 mg/L compared 
with 90% if they were >25 mg/L. Similarly, for post-dose 
concentrations, concentrations of <12-5 mg/L were associ- 
ated with only a 10% cure rate, whereas *80% of patients 
were cured if the post-dose concentrations were >47 mg/L 
Trough concentrations of >20 mg/L were ***n*i*x*4 with a 
favourable outcome, dearly, this study bad numerous 
methodological problems: its retrospective nature; deriva- 
tion of data from six separate studies; possible variation in 
definition of clinical cure and tunings of serum concentra- 
tions; and a relatively heterogeneous range of conditions * 
treated. Furthermore, in many patients surgery would have 
had a major impact on outcome; for example, in those 
patients with osteomyelitis, infective endocarditis and 
abscesses. If was not possible to control for these. 13 

The present study corrects some of these problems. The 
patients were all known to have primary S. aureus septi- 
caemia and hence surgery would not have influenced out- 
come. As the patients were recruited into clinical studies, 
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data collection was relatively uniform and more data were 
available than in the case series we analysed previously. 
For the treatment of septicaemia with tefcoplanin, our 
analysis shows that the two most readily quantifiable 
factors that influence successful outcome are mean pre- 
dose serum concentration and patient age. The probability 
of successful treatment increases with pre»dose serum 
concentration and decreases with age. It appears that 
predicted clinical success follows a saturable kinetic pat- 
tern; for example, for those over 80 years old, clinical cures 
increase from 00% with trough concentrations of <5 
aig/L to >90% with troughs of >10 mg/L (Figure). How- 
ever, the maxim mh trough concentration in this study was 
only 22 mg/L and th e vast majority were <15 mg/L, hence 
we cannot exclude thai concentrations of >20 mg/L may 
not add further benefit. Indeed, in the only prospective 
analysis of the effect of serum teicoptanm concentrations 
on clinical outcome (protocol 102-013) it was shown that 
in the treatment of staphylococcal infective endocarditis 
in man, 6/10 patients failed if trough concentrations were 
<20 mg/L compared with 1/11 if the trough was > 20 mg/L 
(P = 0.04, Fisher's Exact test)." 

Theoceticafly, having decided what is an 'acceptable' 
probability of success, the model developed here can be 
used to predict what trough serum concentrations are 
needed for efficacy. For example, for an gS-year-oId patient 
to have a 95% chance of success, the model predicts that a 
mean trough serum concentration of 135 mg/L would be 
required* Clearly, however, at this preliminary stage, such 
an approach must be entertained with caution. Hie general 
principle u> that troughs should exceed 10 mg/L, par- 
tkubrty :fe the elderly, Gar infection caused by/£ aureus 
(Figurey 

Although an R* value of 031 (indicating that 31% of the 
variability in outcome is explained toy the model) ts statisti- 
cally acceptable in an analysis of real patient data, dearly 
other factors stfl] account for a substantial degree of varia- 
tion and the 'jacttnife test' indicates that the present 
model will overestimate treatment failures. The intercept 
term is high, as many patients' infections will resolve with- 
out treatment We accept that factors such as co-morbidity 
probably play a more important role in outcome than 
tetcoplanin scrum concentrations, but the original trial data 
did not allow this information to be included. Only 
prospective trials can validate our model. 

The negative correlation for distribution of MIC and 
successful outcome was unexpected, as h suggests that 
patients have a better chance of being cured if they are 
infected with a isolate for which the MIC is higher. Clearly, 
this is a nonsense, and may be explained by the skewed 
MIC distribution and lack of resistant isolates (MIC > 4 
mg/L), which contributed to the model' 

Although these data indicate that pre-dose serum con- 
centrations are useful in predicting clinical outcome, this 
does not imply that all patients with 5. aureus septicaemia 
require therapeutic drug monitoring. It is known that 



trot 



standard doses of 400 mg tekoplanin at times 0, 12 b and 
24 b subsequently often produce serum concentrations ot 
<10 mg/L.*- 22 Additional doses at 36 h or use of higher 
doses, say 600 or 800 ma, wiD result in higher trough con- 
centrations but will increase drug acquisition costs. To 
recommend therapeutic drug monitoring of all patients 
routinely receiving tetcoplanin f or £ aureus septicaenua, 
randomized prospective studies would have to be per- 
formed to confirm the benefits in terms of increased effi- 
cacy or reduced cost, compared with jn&t using larger doses. 
Failure to do this will repeat the mistakes that occurred 
with vancomycin nwmtoring. 2 * 

In conclusion, these data confirm that pre-dose serum 
concentrations are a major predictor of outcome m con- 
j unction with patient age; however, a single model based 
on dkese two factors stil leaves much of the variability m 
outcome unexplained 



This study was funded by Hoechst Marian RousseL 
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